Total knee replacement utilization in the United States continues to dramatically increase, 5 and by 2030, it is expected that the number of new knee replacements will approach 3.48 million. 6 This projected increase in knee replacement utilization will place substantial burden and costs on society, with lifetime costs of knee osteoarthritis approaching $150,000 per patient, of which approximately $20,000 is attributed directly to primary knee replacement. 7 The majority of knee replacement patients are overweight or obese, 8 and this can significantly increase the risk of medical and surgical complications including infection 9 and thromboembolic events. 10, 11 Dowsey and colleagues 12 estimate that the risk of an adverse event increases by 8% with each unit increase in body mass index (BMI). Preoperative weight is also negatively associated with the rate of improvement on patient-reported pain and function outcomes following knee replacement. 13 In addition, obesity is linked with prosthetic failure 10 and increased risk of undergoing joint replacement revision. [14] [15] [16] Physicians, aware of the complications associated with obesity, may recommend weight loss to patients prior to undergoing knee replacement. Nevertheless, it is unclear whether patients with obesity actually lose weight prior to surgery.
Following knee replacement, patients typically experience less pain and improved function and health-related quality of life, 17, 18 which makes mobility and increases in physical activity more likely. Despite small increases in observed physical activity following knee replacement, 19 it is unclear whether this additional activity contributes to any meaningful changes in body weight. Several studies have examined changes in weight following knee replacement, but results have been inconsistent. For example, some evidence suggested that patients experience no change in weight, whereas others observed weight gains after the knee replacement. [20] [21] [22] [23] [24] A recent systematic review also suggested that there was no conclusive evidence on weight changes following joint replacement 25 ; however, previous studies have not been limited to overweight and obese patients. Thus, using data from the Osteoarthritis Initiative (OAI), 26 a multisite longitudinal study, we examined the weight change patterns approximately 1 to 4 years preoperatively and postoperatively among overweight and obese patients with radiographic knee osteoarthritis who underwent a knee replacement.
MATERIALS AND METHODS

Study Population
The study population utilized in the current analysis was from the OAI, which is a multisite longitudinal study that enrolled 4796 adults with or at risk of the development of knee osteoarthritis. Data were obtained from the public-use data set available at https://oai.epi-ucsf.org. The OAI participants were between the ages of 45 and 79 years and were either required to have symptomatic radiographic osteoarthritis in at least 1 knee (a definite tibiofemoral osteophyte [osteophyte grade ≥1] 27 and pain, aching, or stiffness on most days for at least 1 month during the past 12 months) or required to have at least 1 established risk factor for knee osteoarthritis. The full eligibility criteria for the OAI are reported elsewhere. 26 The current study examined the 210 participants who had a total or partial knee replacement reported (adjudicated or selfreported) between the 12-and 96-month OAI follow-up visits. Because all participants included in this analysis underwent knee replacement at different time points, we identified the surgery interval as the 1-or 2-year period defined by adjacent OAI follow-ups before or after the knee replacement (Fig. 1) . The analysis was restricted to overweight or obese participants (BMI ≥25 kg/m 2 ) with radiographic knee osteoarthritis in the case knee at the start point of the surgery interval. Participants were excluded if they (1) had a BMI of less than 25 kg/m 2 at the start point of the surgery interval, (2) had a Kellgren-Lawrence (K/L) grade of less than 2 in the case knee at the start point of the surgery interval, 28 (3) reported a knee replacement at OAI baseline, (4) reported a hip replacement at any time before undergoing knee replacement, (5) reported simultaneous bilateral knee replacement or had both knee replacements conducted within the surgery interval, or (6) reported a joint replacement revision. In addition, we censored data 1 year prior to a reported death to ensure illness did not influence observed changes in weight, as well as 1 participant with extreme weight fluctuations. All participants provided written informed consent, and approval was received from each of the 4 clinical sites' institutional review boards (Baltimore, MD; Columbus, OH; Pittsburgh, PA; and Pawtucket, RI).
Measures
Body weight (in kilograms) was objectively assessed at OAI baseline and follow-up visits. Demographic covariates used included age, sex, race/ethnicity, education, and income. Health factors included comorbidities, depressive symptoms, smoking status, back pain, other extremity pain, and knee-specific factors (knee osteoarthritis severity, chronic knee symptoms, knee pain, and knee injury). The Charlson Comorbidity Index was used to assess comorbidities. 29 Depressive symptoms were assessed using the Center for Epidemiological Studies-Depression scale. 30 Pain was examined for back and other extremities, including hip, ankle, and foot. The knee-specific factors measured included (1) knee osteoarthritis severity based on K/L grade 28 ; (2) knee osteoarthritis symptoms defined as having knee pain, aching, or stiffness on most days of a month during the past year in either knee; (3) knee pain determined by the Western Ontario and McMaster Universities Osteoarthritis Index pain score 31 ; and (4) history of knee injury.
Statistical Analyses
Baseline characteristics of the sample population used in these analyses were examined using the visit immediately prior to the knee replacement, for example, the start point of the surgery interval. Weight changes in kilograms, as well as percent weight change, were calculated during each time interval, adjusting for the length of the interval to provide a weight change per year. A meaningful weight change of 2.5% was derived from Medicare guidelines, which stipulates a 3-kg weight loss to continue obesity treatment. 32 This is equivalent to approximately 2.5% weight change in this population. Patients were further categorized by meaningful weight change in each time interval: weight loss (≥−2.5%), weight maintain (>−2.5% to <2.5%), and weight gain (≥2.5%). The time intervals were coded −2 to 2, with 0 indicating the surgery interval; −2 and −1 indicating the time interval 2 years and 1 year before knee replacement interval, respectively; and 1 to 2 indicating the time interval 1 year and 2 years after the knee replacement interval, respectively (Fig. 1) . We analyzed weight change across time intervals with linear and logistic regression using generalized estimating equations. Analyses were adjusted for age, sex, BMI, race/ethnicity, education, marital status, income, comorbidity, depression, smoking, and back and lowerextremity pain. The knee factors that were included in the analyses included the worst K/L grade across both knees, as well as the case and contralateral knee pain, symptoms, and injury. For each interval, time-varying covariates adopted the values from the starting point of that interval. A sensitivity analysis examining whether the type of knee replacement influenced the results produced similar results; thus, the final model included both total and partial knee replacements. Analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC).
RESULTS
A total of 210 overweight and obese patients underwent knee replacement (total or partial) between OAI follow-up visits following baseline and up to 96 months. Demographic and health characteristics of these patients at the visit immediately prior to knee replacement are presented in Table 1 . The majority of participants were white (84%), were female (62%), completed some post-high school education (80%), and had an income greater than $50,000 (62%). At the visit immediately before knee replacement, the mean age of participants was 66. 4 Patients' average unadjusted weight changes during each time interval both preoperatively and postoperatively are displayed in Figure 2 . On average, patients lost approximately 0.6 kg/y during the time interval around surgery but gained 1.0 kg/y in the interval following surgery. Patients unadjusted weight changes were further categorized into loss (≥−2.5%), maintain (<−2.5% to <2.5%), and gain (≥2.5%) at each time interval (Fig. 3) . The time of the surgery was the only interval in which more patients lost weight than gained weight. Nearly a quarter of patients had a meaningful weight loss; this was the largest proportion losing weight across all of time intervals examined. Opposite of the pattern observed during the time interval of the surgery, in all of the preoperative and postoperative intervals, more patients had a meaningful weight gain than weight loss. In the time interval immediately following the surgery, approximately one-third of patients had a meaningful weight gain, which was the highest frequency of any interval. Only 11% of patients lost a meaningful amount of weight in this postoperative interval.
The adjusted weight changes compared across each time interval, preoperatively and postoperatively, to the interval of the surgery (time interval 0) are displayed in Table 2 . After adjusting models for socioeconomic status (BMI, age, sex, race/ethnicity, education, and income), health factors (comorbidity, high depressive symptoms, smoking, back pain, hip pain, ankle pain, and foot pain), and knee factors (severity, symptoms, pain, and injury), patients who underwent knee replacement were more likely to gain weight during both the preoperative and postoperative time intervals as compared with the time interval of the surgery (P < 0.05). Table 3 shows the odds ratios (ORs) of knee replacement patients having a meaningful weight loss (losing at least 2.5% of their initial body weight) both preoperatively and postoperatively as compared with that of the surgery interval. Patients were significantly less likely to have a meaningful weight loss in the time interval following the surgery interval as compared with the surgery interval after adjusting for socioeconomic status, health, and knee factors (OR, 0.37; 95% confidence interval, 0.18-0.79).
DISCUSSION
The current study examined weight change patterns preoperatively and postoperatively among overweight and obese patients with radiographic knee osteoarthritis who underwent knee replacement. The results suggest that while patients are losing weight during the period around the knee replacement, they are also highly susceptible to weight gain during both the few years before and after the surgery. In addition, patients are less likely to lose a meaningful amount of weight (≥2.5%) in the interval immediately following surgery.
During the time interval in which the surgery took place, there was the highest percentage (23%) of patients who lost at least 2.5% of their body weight. Previous research has suggested that obesity increases the risk of surgical and medical complications. Knee replacement patients who are obese have higher rates of postoperative infection rates 9 and thromboembolic events. 10 Furthermore, for each unit increase in BMI, the risk of an adverse event increases by 8%
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; thus, it is likely that surgeons may be encouraging patients to lose weight prior to knee replacement to help reduce risk of surgical complications and improve outcomes. Current guidelines for the treatment of overweight and obesity recommend weight loss for individuals with a BMI of more than 25 kg/m 2 . Although the current analyses examined only patients who were overweight or obese, most knee replacement patients have a BMI of greater than 25 kg/m 2 . 8, 33 The time of the surgery may represent an opportune time when patients may be highly motivated to modify their diet and activity behaviors to promote weight loss or prevent weight gain. In addition, if patients demonstrate early success with weight loss during this period, Comorbidities include the report of cancer, cerebrovascular disease, congestive heart failure, diabetes, gastrointestinal disease, pulmonary disease, kidney problems, myocardial infarction, rheumatic disease other than osteoarthritis, and vascular disease.
identifying strategies to maintain increases in self-efficacy has the potential to contribute to further weight loss, weight maintenance, and the prevention of weight gain.
While the weight loss observed during the time interval of the surgery is promising, the weight gain observed in the intervals postoperatively raises red flags. Approximately 33% of patients are gaining more than 2.5% of their body weight following the surgery. The pattern of more patients gaining weight as compared with losing weight during the postoperative time interval is similar to what was observed in the preoperative time intervals. The current analyses focused solely on patients who were overweight or obese at baseline; thus, the additional weight gain is concerning because it may heighten the risk of prosthetic failure 10 and joint revision. 16 In addition, the excess weight may contribute to increased risk of mortality and numerous chronic conditions including diabetes. 34, 35 It is important to highlight that only approximately 11% of patients are losing weight following surgery. The low frequency of individuals who lost weight after surgery challenges a common perception that lifestyle changes such as increased physical activity and weight loss will result from reduced pain and improved function following knee replacement. In fact, some evidence suggests that physical activity remains low, if not lower, following knee replacement as compared with preoperative levels. 36 The failure to increase physical activity after surgery may be contributing to some of the weight gain observed. Most patients (53%) maintained weight 1 year postoperatively, which is slightly lower than the previous estimates among all knee replacement patients (68.5%) and obese patients (75%). 37 It is likely that these differences are due to varying definitions of weight maintenance used (±2.5% vs. ±5%), and only those with radiographic knee osteoarthritis were included in the current analyses. Weight changes among knee replacement patients appear to be highly variable among individuals, which is similar to other populations. 38 In a recent study, Inacio and colleagues 37 suggest that men were less likely to lose weight after surgery, and older patients are less likely to gain weight; however, more research is needed to identify additional and consistent characteristics that are linked with both preoperative and postoperative weight loss. If specific characteristics are identified, behavioral interventions could be adopted or individually tailored accordingly to meet the specific needs of the patients, ultimately enhancing weight loss.
The current analyses were conducted with adults with radiographic knee osteoarthritis and overweight and obesity. While these characteristics are representative of the typical population who undergoes knee replacement, the results may also differ among patients who are classified within the normal category. Another important consideration to mention is that knee symptoms, severity, and pain on the contralateral knee have the potential to influence mobility, physical activity levels, and body weight. Previous estimates suggest that 80% of patients will develop bilateral osteoarthritis 39 ; thus, it is likely that many of the patients who had a primary knee replacement will need another knee replacement on the contralateral knee sometime in their lifetime. While we attempted to control for factors relating to both knees, symptoms in the contralateral knee may be playing a role in the determination of body weight especially in the postoperative interval. In addition, the rehabilitation protocol that patients followed after surgery could have influenced function, activity, and body weight; however, we are unsure of the quality and intensity of rehabilitation each patient received, as well as how well each patient adhered to the rehabilitation plan.
Knee replacement patients with radiographic knee osteoarthritis who are overweight or obese are demonstrating a small weight loss (0.6 kg/y) during the time interval near the surgery; however, patients are gaining weight during both the first few years before and after the knee replacement. Between 22% and 33% of patients are gaining more than 2.5% of their body weight and are less likely to lose weight in the 1 to 2 years after the surgery. The results highlight a significant need for the development of weight management interventions specifically for knee replacement populations to help prevent further weight gain in the years following surgery. 
